To elucidate the significance of the effect of systematic uncertainties in light element abundance estimates on cosmological bounds derivable from Big Bang Nucleosynthesis (BBN) we present tables giving bounds on Ω baryon and N ν as one changes the limits on primordial 4 He and 7 Li. This allows us to derive new relations between these estimates and constraints on Ω baryon and N ν . For example, only if the helium mass fraction, Y p ≥ .245 does 7 Li (or D) presently play a role in placing an upper limit on the baryon density, and only if Y p ≥ .250 does 4 He cease to play a role in bounding η 10 . All the elements combine together tend to give a stringent upper bound of 0.16 on Ω baryon . We also find that Y p must exceed .239 for consistency between theory and observation if D+ 3 He/H is less than 10 −4 . Updated nuclear reaction rates, an updated neutron half life, Monte Carlo techniques, and correlations between the predicted abundances are incorporated in our analysis. We also discuss the handling of systematic uncertainties in the context of statistical analyses of BBN predictions.
The theoretical analysis of BBN predictions for light element abundances has improved greatly in recent years, allowing in principle the derivation of very stringent constraints on various cosmological and particle physics parameters. Unfortunately however, the key factor in limiting the efficacy of this procedure is the reliability of the inferred light element primordial abundance estimates. Like many quantities based on astronomical observations, these are subject to large systematic uncertainties, many of which are difficult to accurately estimate.
In a recent work , hereafter KK) we underscored the importance of considering such systematic errors when deriving BBN constraints by demonstrating that a comprehensive analysis which used the most up to date reaction rate uncertainties, and also incorporated quantitatively for the first time correlations between elemental abundances yielded, when compared with previously quoted observational upper limits on 4 He , D + 3 He, and 7 Li, embarassingly stringent limits on both the number of effective neutrino types and the present baryon density. Indeed, it was clear that standard BBN has a very limited range of consistency if systematic uncertainties in abundance estimates are not allowed for. While we argued that our results suggested the need for consideration of systematic uncertainties, this conclusion was not as widely quoted as were the limits we derived based on previous quoted abundance estimates which did not explicitly incorporate such uncertainties.
Subsequently, several groups have recently assessed more carefully the systematic uncertainties present particularly in the primordial 4 He abundance estimates (Olive and Steigman 1994 , Copi, Schramm and Turner 1994 , Sas-selov and Goldwirth 1994 , and have quoted various new upper limits on cosmological parameters based on their assessments. It is very clear, based in part on the differing estimates, that it is quite difficult at the present time to get an accurate handle on these uncertainties.
Because of this, and because we can utilize the full statistical machinery we previously developed when comparing predictions to "observations", we felt it would be useful to prepare a comprehensive (Kernan 1993) and also for new higher order effects in weak rates (Seckel 1993 ). The net effect of these changes is to both reduce the statistical error on the predicted value of Y p , and also raise the predicted abundance by an η 10 -independent factor of +.0031 compared to the value used in previous published analyses (Walker et al 1991; Krauss and Romanelli 1990) . See KK for a more detailed description of our analysis.
We present here an updated figure for the predicted elemental abundances as a function of η 10 (figure 1). However, as we stressed in KK, this standard figure should not be used alone to derive confidence limits on cosmological and particle physics parameters when comparing theoretical predictions and observations. Because the various elemental abundances are correlated deriving a limit using a single element throws out valuable information from other elements which, if incorporated, could lead to more stringent constraints.
Stated another way, the predicted elemental abundances are generally not statistically independent. For example, there is a strong anti-correlation between Y p and the remnant D + 3 He abundance (the normalized covariance ranges from -0.7 to -0.4 in the η 10 range of interest). Thus, if one generates 1000 predictions using a Monte Carlo scheme, those where the predicted 4 He is lower than the mean, which therefore may be allowed by some fixed observational upper bound Y p , will also generally predict a larger than average remnant D+ 3 He/H abundance, which in turn could exceed the observational upper bound on this combination. Ignoring this correlation will result in a bound which is at the very least not statistically consistent. As we showed in KK, including such correlations in our analysis had a significant effect on limits on the number of neutrinos, and a less dramatic, but still noticable effect on limits on η 10 .
Of course, if systematic uncertainties in the inferred primordial element abundances are dominant, one might wonder whether one need concern oneself with the proper handling of statistics in the predicted range. There is, after all, no well defined way to treat systematic uncertainties statistically.
For example, should one treat a parameter range governed by systematic uncertainties as if it were gaussianly distributed, or uniformly distributed?
The latter is no doubt a better approximation-i.e. a large deviation within some range may be as equally likely as a small deviation. But how should one handle the distribution for extreme values? Clearly it cannot remain uniform forever.
Thankfully, there are two factors which make the comparison of predictions and observations less ambiguous in the case of BBN:
(1) Because the allowed range in the observationally inferred abundances is much larger than the uncertainty in the predicted abundances, any constraint one deduces by comparing the two depends merely on the upper or lower observational limit for each individual element, and not only both at the same time. Thus, one is not so much interested in the entire distribution of allowed abundances as one is in one extremum of this distribution.
(2) Systematic uncertainties dominate for the observations, while statistical uncertainties dominate for the predictions.
Both of these factors suggest that a conservative but still well defined approach involves setting strict upper limits on Y p , D+ 3 He, and 7 Li, and a lower limit on D, which incorporate the widest range of reasonably accepted systematic uncertainties. Determining what is reasonable in this sense is of course where most of the "art" lies. We will return to this issue shortly.
Nevertheless, once such limits are set and treated as strict bounds, then one can compare correlated predictions with these limits in a well defined way.
In this way one replaces the ambiguity of properly treating the distribution of observational estimates with what in the worst case may be a somewhat arbitrary determination of the extreme allowed observational values.
Clearly all the power, or lack thereof, in this procedure lies in the judicious choice of observational upper or lower limits. Because of our concern about the ability at present to prescribe such limits we present below results for a variety of them. Nevertheless, we do wish to stress that once one does choose such a set, it is inconsistent not to use all of it throughout in deriving ones Before proceeding to give our results, we briefly outline the rationale for the range of limits on light element abundances we choose to explore here.
Abundance Estimate Uncertainties:The Range
It is beyond the scope of this work to examine in detail the observational uncertainties associated with the determination of primordial light element abundances. Our purpose instead is to exploit recent observational and theoretical estimates of these uncertainties in order to examine how BBN constraints will be affected by incorporating such uncertainties. Thus we merely provide here a very brief review of the recent literature. The reader is referred to the cited papers and references therein for further details.
(a) (Carswell et al 1994) , which is larger than this upper limit, is in apparent conflict with another similar measurement, and with estimates of the pre-solar D+ 3 He abundance, and there are preliminary reports of contradictory data taken along other lines of sight. In any case, the dramatic change in BBN limits should the former result be confirmed is discussed in great detail in ), so we do not discuss this possibility further here.
Results and Analysis
Tables 1-3 give our key results. The data were obtained using 1000 Monte
Carlo BBN runs at each value of η 10 , with nuclear reaction rate input parameters chosen as Gaussian random variables with appropriate widths (see KK for details) . In each case the number of runs which resulted in abundances which satisfied the joint constraints obtained by using combinations of the upper limits on 4 He, 7 Li, and D+ 3 He or the lower limit on D was determined. Limits on parameters were determined by varying these until less than 50 runs out of 1000 (up to √ N statistical fluctuations) satisfied all of the constraints. 
The linearity of this relation is striking over the whole region from .24 to .25 in spite of the interplay between the two different limits in determining the constraint. Note also that this relation differs from than that quoted in Walker et al (1991) between Y p and N ν in that the slope we find is about 13% less steep than that quoted there. The two formulae are not strictly equivalent in that the one presented in Walker et al (1991) These limits may be compared to recent estimates of Ω baryon based on X-ray determinations of the baryon fraction in clusters (White et al 1993) .
One final comment on the role of Y p in constraining η 10 : It has been stressed that because of the logarithmic dependence of the former on the latter, that Y p cannot be effectively used to give a reliable upper bound on η 10 . This is somewhat deceptive, however. We can compare how much more sensitive the bound on η 10 is to Y p than the bound on N ν is by making a linear fit to the former relation and comparing it to (1). If we do this, we find first that the linear fit is quite good out to Y p as large as .245 (after which a quadratic fit remains good all the way out to .248, where the D and relaxed 7 Li bounds begin to take over), and is given by 
Seen in these terms, the η 10 upper limit is approximately 4.5 times more sensitive to the precise upper limit chosen for Y p than is the N ν upper limit.
Thus, while there is no doubt that varying the upper limit on Y p has a more dramatic effect on the upper bound one might derive for η 10 than it does for constraining N ν ,the quantitative nature of the relative sensitivities is perhaps displayed, for the relevant range of Y p , by comparing the linear approximations presented here than by discussing logarithmic vs linear dependencies. As time proceeds and more independent observations are made we will undoubtedly get a better handle on the systematic uncertainties which presently limit the efficacy of BBN constraints. Until then, the updated tables and relations presented here should provide a useful reference to allow researchers to translate their own limits on the light element abundances into meaningful bounds on N ν and η 10 .
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